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foherent Imapes of Conventional Targets STAT

This memo describes the images of several conventiocnal targets formed with

diffraction limited optics and coherent illumination. The targets are variable
denaity targets in ome dimension.

They include:

STAT
A. Perlodic targets
i. sine waves
2. square wave gratings
B. Houn-periodic targets
1. edge
2, line
3. 3 bers
1
Fhe image light intensity for coherent illumination is given by:
(* jm 2 N
I(X) = ||T.@)A@)ed™ qu) (L)
Te) (£(@) in ref. 1) is the coherent transfer fumction. A(w) is thes Fourier
transfonn of the target electric field tranemission, a(x).
¥or diffraction limited optics:
- 1 el <2 ..
Tolw) = Pplw) = | 2
0 lwl >qQ

wihere 2 is the coherent cutoff radian spatial frequency.
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The test targete are divided into two groups, periodic and non-periodic targets.

A periodic target should have about eight or more cycles so that the spectrum is
almost discrete. The spectrum is confined primarily to the regiom of the harmonice
and may bs approximated by a series of delta functions. A non-periodic target

has a continuous spectrum.

As 0 is increased the nature of the image of a periodic targgt changes discretely
everytime another hamonic is passed; the image of a non-periodic target changes
continuously. . ‘ :

A. Periodic.targets

1. Sine waves

Variable density sine wave targets may be sinusoidal inm electric field transmission
withs

ap(x) = % [ 1+mcos x] 4)
Target wodulation ig m.
A = 0 8@ +§ B +3 B@-1 ] (5)

However, sine wave targets normally used with incoherent light are sinusoidal
in light transmission.

ty) = 2 (1+mcos ) (6)
For m = 1 the electric field transmission is:
820 = (@ 17 -« | ¥ - %

- 2 2 -2 2
= ﬁ_fl +'3 cos X 15 cos 2Ix + 4% co8 3% c6cl o

L, (L (f2r) b @ @

Az(w) = % e
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I(x) may ba calculated from Bq. (1).
The reduction in intensity modulation is:
Hgér_lmmm-lminim e

mAX + I nmum]

The letter M is used in Eq. 9 instead of T (k) because Eq. 9 is not the coherent
transfer function. Figurae 1 shows M for sine wave targets in electric figld

and light intensity transmission (Pq. 4 and 6) form « 1 and m << 1. For Egq. 6
M ig a function of m. This effect will be discuseed in a future wemo. Note that
Ko = 1/25¢ Q and that Figure 1 is drawn for Ko = 12 4/mm.

The tremsmiesion of the following targets are binary in naturse so that a(x) is
proportional to t(x). The expressions are given for 100 per~cent modulation

(ﬂ L 1>e . ’

2, BSquare wave targets

a3(x) = %-;z‘;conx-o—%;c(n 3:--%(:03 5% oo (1:0}'“'
A3 = 1 - 1z o0 2y 8 @wma an)

Figure 2 illustrates the image of a square wave grating for 1< 2 < 7. 1In Eq. 10
the fundamental frequency is greater than the bias term. This produces the mul-
tiple frequency "rimging" or fringe pattern shown in Figure 2.

B. Non-Periodic Targets

1. Edge
“e = L 2le -
I, = [ 14580 ] (3
ax | -
Si (%) = ‘]0 "‘: Y dv 1e the sine 1ntagra1°2 {14)
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Eq. 13 is shown in Figure 3. While the peak amplitude of the 'ringing” does
not vanish even for large velues of Q the width of the ‘ringing’/doss. This
ringing”is called Gibbs' phenomenon.? Gibbs' phenomenon arises from the
sharp cutoff fregusncy of the optical system. The amplitude of the ‘ringing”
may be decreased only by apodization.

2. Line
as(x) = B3() | 5)
Is(x) = [-‘-“-;;"!‘——"‘ 1 | (16)

The image of a line is shown in Figure 4.
3. Three Bars
Tha coherent image of a threa bar target is particularly interssting. The

transmisgeion of a three bar target on a light background may be written as
a sum of rectangular pulses. The width of one bar is» 2d.

ag(x) = 1 - [Psa(x) - Pag(x) + Bg(x) ] an
Ag@) = B() - (1 +2 cos 4 ug) £18.4d (8)

The continuous spectrum of a three bar target (Eq. 18 with 4 = #/2) and the
digscrate spectrum of a psriodic square wave grating (Eq. 11) are showm in
Figure 5. The image of a three bar target on a light background is:

T6x) = [1-E® 1 | 9
EG) = L/y ([51@(x+3) ) - 810 (x-58) ) ] (20)
8 @ (43) ) - 1@ (x-3d) ) 1

+81@ (ea) ) - 510 x-0) D1}

As Q@ dacreases the image of the three bars vanishes gradually because Ag{w)
is continucus, not discrete. Figure 6 shows the wodulation for a ¢ohereat
cutoff frequency of 10 cycles per millimeter. A three bar target will still
have 37 7 modulation at ll.4 cyéles per millimeter. The frequency at which
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the modulation drope to 4% (the limit of visibility) was not calculated; but

lies betwesn 1l1.4 and 13.3 cycles per millimeter., Thus with coherent light

a three bar target cen be resolved as three bars at & freauency 15 to 30%

above the coherent cutoff frequancy. | has STAT
calculated the images of two and three bar targets for inccherent light.
For incoherent light in each case the modulation of the bars vamnishes sharply
within a few percent of the incoherent cutoff fraquency. With coherent light
when the three bara venish; the target appeara as two clearly visible cycles
from 13.3 to 20 cycles per millimeter.

Figure 7 shows the right half of the image of a 10 cycle/millimeter three bax
target as a function of the optical cutoff frequency ¥o. Three bars may be
seen for Ko < 10 cycles/millimeter in Pigure 7c. The peak intensities move
closer together for larger values of Ky,o The image 48 almost unchaaged for
11 < Ko < 28 cycles per millimeter. At three timas the cutoff frcquency

(Ko = 30 cyclea per millimeter), the peak starts to show *ringling? -

These results are pressnted to give the diffraction limited imagea of conven-
tional incoherent targets. These targsts are not optimum testa for a coherent
imagery. Better test targets; variable area tesst targets and the sffect of
aberration will be coneidered later. '

Note _
Ian the figures @, the radian cutoff frequehcy has been replaced by Ko = 1/28 Q.

Figures 1 to 5 inclusive are not shown to scale; small smplitudes have been
magnified.

STAT

JLK/mq

Acknowledgements Figures 6 and 7 were computed from Eqs. 19 and 20 STAT
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